Introduction {#s1}
============

Diabetic retinopathy (DR) is a leading cause of visual impairment and blindness in the working-age population across the globe.[@R1] The number of people with diabetes mellitus (DM) is projected to approach 642 million people worldwide by 2040.

It is estimated that 12% of adults have DM, and around half of Chinese adults have pre-diabetes.[@R2] Several epidemiological studies have reported a high prevalence (ranging from 11.9% to 43.1%) of DR and its risk factors among patients with DM in mainland China.[@R3] However, these studies in China have showed differences in prevalence of and risk factors for DR because of their different study designs, grading standards and populations sampled. Screening for DR is accepted as an important means of early identification of the eyes with mild DR or sight--threatening diabetic retinopathy (STDR), which allows prompt intervention to prevent DR progression.[@R6] In China, a national screening system for DR has not yet been established, and DR screening among diabetes has not been carried out in most places in China. The Lifeline Express Foundation launched the Diabetic Retinopathy Screening Program in multiple general hospitals across mainland China to screen diabetes, with an aim to reduce blindness in China by timely detection of DR and early treatment. On the other hand, the project also provides figures related to DR for government to make a strategy on diabetes healthcare. The aim of this study was to report the prevalence of DR and its risk factors under the Lifeline Express Diabetic Retinopathy Screening Program.

Subjects and methods {#s2}
====================

Subjects {#s2a}
--------

The Lifeline Express Diabetic Retinopathy Screening Program is a multi-hospital-based programme across mainland China. The current study used data from April 2014 to July 2016 from eight hospitals (Guilin City Second Hospital, Jilin City Chinese Traditional and Western Medicine Hospital, Jinan City Lixia District People's Hospital, Luoyang City Third Hospital, Luzhou City Red Cross Hospital, Huhehaote Neimengu Province People Hospital, Zhanjiang City Second Hospital, Zhengzhou City Second Hospital). The locations of the hospitals are shown in [figure 1](#F1){ref-type="fig"}. Before recruiting patients with DM, a public information campaign on DR was carried out through the local newspaper, radio and television stations, as well as through posters in the outpatient hall of hospitals. DM was defined as random plasma glucose of ≥11.1 mmol/L, fasting plasma glucose (FPG) of ≥7.0 mmol/L, use of diabetes medication or a previous diagnosis of DM.[@R7] All diagnosed subjects with DM were invited to participate in the programme free of charge. All participants registered at least 1 week in advance before screening. The participants were fully informed about the screening programme prior to registration. The study complied with the Declaration of Helsinki and was approved by the local hospital ethics committees. Written informed consent was obtained from each participant.

![The locations of the hospitals.](bjophthalmol-2017-310316f01){#F1}

Screening procedure {#s2b}
-------------------

All the participants received a standardised interview (eg, date of birth, type of diabetes, duration of DM and treatment type) and a comprehensive clinical examination (eg, measurement of body weight, height, waist circumference, blood pressure and heart rate). Body mass index (BMI) was calculated by weight divided by the square of height in metres (kg/m^2^). Waist-to-hip ratio (WHR) was calculated using direct measurements. The blood samples of subjects were collected to check FPG, glycosylated haemoglobin (HbA1c), high-density lipoprotein (HDL), low-density lipoprotein (LDL), total cholesterol, triglycerides, serum creatinine and blood urea nitrogen (BUN).

Before pupil dilation, the habitual and pinhole visual acuity was measured using the ETDRS chart. Intraocular pressure in both eyes was measured with non-contact tonometer (CT-80; TOPCON, Tokyo, Japan and NT-4000; NIDEK, Gamagori, Japan). The anterior ocular segment was examined using slit lamp biomicroscopy (BQ900; Haag-Streit, Bern, Switzerland and SL-130; Carl Zeiss Meditech, Jena, Germany). Two 45° fields (one macula centred and one optic disc centred) digital, colour, non-stereoscopic fundal photographs of each eye were taken using a non-mydriatic auto fundus camera (AFC-230; NIDEK, Gamagori, Japan or Canon CR-DGi retinal camera; Canon, Tokyo, Japan) after pupil dilation with tropicamide and phenylephrine eye drops (Santen Pharmaceutical, Osaka, Japan).

DR grading procedure {#s2c}
--------------------

All the photographs were then sent to the reading centre of the Joint International Eye Center for DR grading. DR grading was performed according to the UK guidelines[@R8] and through spatial resolution of 1024×768 pixels using a customised DR grading software named VisDR software with functions of magnification, adjustment of the luminance and the contrast, red free and statistical analysis. Retinal photographs were graded by trained retina specialists. Each photograph underwent primary grading. All photographs with any DR or any other eye disease and a randomly selected 15% of the photographs without any DR were submitted to a secondary grader for second grading. If there was any discrepancy between primary grading and second grading, the photograph was submitted to an arbitration grader (a senior ophthalmologist) for final decision. Quality assurance was ensured by recording sensitivity and specificity for each grader where sensitivity ≥95% and specificity ≥85% were considered acceptable. The graders underwent quarterly tests to ensure the accuracy of grading. STDR was defined as the presence of preproliferative DR (R2), proliferative DR (R3) and/or maculopathy (M1). Photographs that were not assessable or could not be graded were considered ungradable (U). The DR grade for each subject was based on the worse DR grade of the two eyes. If one eye was non-STDR and the other eye was U, the subject would be graded as U. If one eye was STDR and the other eye U, the subject would be classified as STDR.

Statistical analysis {#s2d}
--------------------

IBM SPSS V.21.0 was used for statistical analyses. Age--gender-standardised prevalence was calculated by using the 2010 population census of the People's Republic of China. The χ^2^ test for proportions and binomial distribution for directly computing CI were used. $\overline{\text{x}}$±s was used to show means of continuous variables. Analysis of variance was used to compare means among multiple groups. Logistic regression models were applied to estimate the ORs and 95% CIs for both any DR and STDR for all potential risk factors. The level of statistical significance was set at p\<0.05. The level of statistical significance was adjusted by Bonferroni correction when pairwise comparison in multiple groups was conducted.

Results {#s3}
=======

In total, 16 305 patients with DM were screened, including 1.07% with type 1 diabetes (175/16 305), 98.39% with type 2 diabetes (16 043/16 305) and 0.53% with pregnancy-related diabetes (87/16 305). Fundus photographs were ungradable for 1227 (7.5%) patients, which is in accordance with the UK standard of \<10%.[@R10] The characteristics of subjects with diabetes are shown in [table 1](#T1){ref-type="table"}. The age-standardised prevalence of any DR and STDR was 27.9% (95% CI, 27.2% to 28.6%) and 12.6% (95% CI, 12.1% to 13.1%), respectively. Among those, the age--gender-standardised prevalence of R1, R2, R3 and M1 was 22.1% (95% CI, 21.4% to 22.8%), 3.7% (95% CI, 3.4% to 4.0%), 2.1% (95% CI, 1.9% to 2.3%) and 11.2% (95% CI, 10.7% to 11.7%), respectively. The prevalence of DR in hospitals ranged from 23.1% to 47.2%, and that of STDR from 8.5% to 28.6%. There was a significant difference in age-standardised prevalence of any DR (χ^2^=204.34, p\<0.001) and STDR (χ^2^=298.69, p\<0.001) between the eight hospitals ([table 2](#T2){ref-type="table"}).

###### 

Characteristics of subjects with diabetes in the Lifeline Express Diabetic Retinopathy Screening Program

                                     Mean±SD        IQR
  ---------------------------------- -------------- ------------
  Age (years)                        63.23±10.21    57--70
  Duration of DM (years)             7.45±6.42      2.0--6.0
  HbA1c (%)                          7.48±1.78      6.3--8.2
  FPG (mmol/L)                       8.10±2.58      6.4--9.0
  Systolic blood pressure (mm Hg)    133.44±16.18   120--140
  Diastolic blood pressure (mm Hg)   79.88±9.73     73--85
  Height (cm)                        161.92±8.23    156--168
  Weight (kg)                        64.13±11.58    57--72
  BMI (kg/m^2^)                      24.75±3.41     22.5--26.7
  Waist circumference (cm)           88.94±9.96     82--96
  Hip circumference (cm)             95.18±9.59     89--101
  WHR                                0.94±0.06      0.89--0.98
  Heart rate                         77.32±9.93     70--83
  Creatinine (μmol/L)                74.93±35.00    59--84
  BUN (mmol/L)                       5.70±4.76      4.4--6.2
  HDL cholesterol (mmol/L)           1.39±0.59      1.04--1.56
  LDL cholesterol (mmol/L)           2.70±0.99      2.02--3.25
  Triglycerides (mmol/L)             1.92±1.24      1.18--2.30
  Total cholesterol (mmol/L)         4.81±1.28      4.01--5.61

BMI, body mass index; BUN, blood urea nitrogen; DM, diabetes mellitus; FPG, fasting plasma glucose; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; WHR, waist-to-hip ratio.

###### 

Prevalence of diabetic retinopathy (DR) and sight-threatening diabetic retinopathy (STDR) in eight hospitals

                             DR     STDR                           
  ----------------- -------- ------ ------- ------- ------ ------- -------
  Southern region   6531     1755   26.87   26.90   766    11.73   11.74
   Luzhou           2962     863    29.13   29.09   344    11.61   11.60
   Zhanjiang        1435     374    26.06   26.08   214    14.91   14.94
   Guilin           2134     518    24.27   25.19   208    9.74    9.73
  Northern region   8547     2449   28.65   28.84   1132   13.24   13.31
   Jilin            3489     804    23.04   23.05   295    8.46    8.45
   Jinan            2143     563    26.27   27.00   211    9.85    10.18
   Luoyang          1042     332    31.86   31.90   191    18.33   18.37
   Huhehaote        716      203    28.35   28.68   103    14.38   14.46
   Zhengzhou        1157     547    47.28   47.17   332    28.69   28.56
   Total            15 078   4204   27.88   27.90   1897   12.58   12.63

Binary multiple logistic regression indicated that younger age (OR, 0.967; 95% CI 0.961 to 0.973), longer duration of DM (OR, 1.093; 95% CI 1.084 to 1.103), higher HbA1c (OR, 1.115; 95% CI 1.078 to 1.154), higher FPG (OR, 1.074; 95% CI 1.048 to 1.101), higher systolic blood pressure (OR, 1.014; 95% CI 1.009 to 1.018), faster heart rate (OR, 1.010; 95% CI 1.004 to 1.016), higher LDL (OR, 1.149; 95% CI 1.079 to 1.224), lower triglycerides (OR, 0.926; 95% CI 0.874 to 0.982), higher BUN (OR, 1.012; 95% CI 1.001 to 1.023) and elevated serum creatinine level (OR, 1.003; 95% CI 1.002 to 1.005) were associated with the presence of DR ([table 3](#T3){ref-type="table"}). Similar risk factors, except for WHR and triglycerides, were associated with STDR ([table 4](#T4){ref-type="table"}).

###### 

Risk factors for any DR among patients with diabetes

                                     Any DR                                                    
  ---------------------------------- ------------------------ ------- ------------------------ -------
  Age                                0.986 (0.982 to 0.989)   0.000   0.967 (0.961 to 0.973)   0.000
  Gender                             0.939 (0.874 to 1.009)   0.086   1.023 (0.915 to 1.143)   0.695
  Duration of DM (months)            1.107 (1.100 to 1.113)   0.000   1.093 (1.084 to 1.103)   0.000
  HbA1c (%)                          1.205 (1.180 to 1.231)   0.000   1.115 (1.078 to 1.154)   0.000
  FPG (mmol/L)                       1.126 (1.110 to 1.143)   0.000   1.074 (1.048 to 1.101)   0.000
  Systolic blood pressure (mm Hg)    1.015 (1.013 to 1.017)   0.000   1.014 (1.009 to 1.018)   0.000
  Diastolic blood pressure (mm Hg)   1.009 (1.005 to 1.012)   0.000   0.997 (0.991 to 1.004)   0.418
  Heart rate                         1.015 (1.011 to 1.019)   0.000   1.010 (1.004 to 1.016)   0.001
  BMI (kg/m^2^)                      1.010 (0.998 to 1.023)   0.111   0.996 (0.978 to 1.016)   0.709
  Waist circumference (cm)           1.011 (1.007 to 1.016)   0.000   1.005 (0.998 to 1.012)   0.191
  WHR                                1.101 (0.542 to 2.226)   0.790   0.521 (0.192 to 1.411)   0.200
  Total cholesterol (mmol/L)         1.067 (1.031 to 1.103)   0.000   0.972 (0.924 to 1.022)   0.266
  Triglycerides (mmol/L)             0.999 (0.966 to 1.034)   0.975   0.926 (0.874 to 0.982)   0.010
  LDL cholesterol (mmol/L)           1.141 (1.095 to 1.189)   0.000   1.149 (1.079 to 1.224)   0.000
  HDL cholesterol (mmol/L)           1.018 (0.948 to 1.094)   0.620   0.944 (0.854 to 1.044)   0.261
  Creatinine (μmol/L)                1.004 (1.003 to 1.005)   0.000   1.003 (1.002 to 1.005)   0.000
  BUN (mmol/L)                       1.020 (1.011 to 1.030)   0.000   1.012 (1.001 to 1.023)   0.036

BMI, body mass index; BUN, blood urea nitrogen; DM, diabetes mellitus; DR, diabetic retinopathy; FPG, fasting plasma glucose; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; WHR, waist-to-hip ratio.

###### 

Risk factors for STDR among patients with diabetes

                                     STDR                     DR                               
  ---------------------------------- ------------------------ ------- ------------------------ -------
  Age                                0.983 (0.979 to 0.988)   0.000   0.959 (0.951 to 0.967)   0.000
  Gender                             0.990 (0.898 to 1.191)   0.839   1.169 (0.996 to 1.371)   0.056
  Duration of DM (years)             1.100 (1.092 to 1.108)   0.000   1.097 (1.084 to 1.109)   0.000
  HbA1c                              1.219 (1.187 to 1.251)   0.000   1.112 (1.063 to 1.163)   0.000
  FPG (mmol/L)                       1.129 (1.110 to 1.149)   0.000   1.096 (1.063 to 1.131)   0.000
  Systolic blood pressure (mm Hg)    1.017 (1.014 to 1.020)   0.000   1.013 (1.008 to 1.019)   0.000
  Diastolic blood pressure (mm Hg)   1.010 (1.005 to 1.015)   0.000   0.994 (0.985 to 1.003)   0.211
  Heart rate                         1.018 (1.012 to 1.024)   0.000   1.012 (1.004 to 1.020)   0.004
  BMI (kg/m^2^)                      1.003 (0.986 to 1.020)   0.766   0.994 (0.968 to 1.021)   0.674
  Waist circumference (cm)           1.013 (1.007 to 1.019)   0.000   1.005 (0.995 to 1.015)   0.349
  WHR                                1.926 (0.725 to 5.116)   0.189   0.610 (0.148 to 2.524)   0.495
  Total cholesterol (mmol/L)         1.083 (1.034 to 1.135)   0.001   0.969 (0.902 to 1.041)   0.391
  Triglycerides (mmol/L)             1.020 (0.973 to 1.069)   0.408   0.947 (0.889 to 1.010)   0.096
  LDL cholesterol (mmol/L)           1.113 (1.052 to 1.178)   0.000   1.137 (1.039 to 1.244)   0.005
  HDL cholesterol (mmol/L)           1.028 (0.931 to 1.135)   0.588   0.965 (0.833 to 1.117)   0.630
  Creatinine (μmol/L)                1.007 (1.005 to 1.008)   0.000   1.006 (1.004 to 1.008)   0.000
  BUN (mmol/L)                       1.023 (1.014 to 1.033)   0.000   1.013 (1.000 to 1.026)   0.053

BMI, body mass index; BUN, blood urea nitrogen; DM, diabetes mellitus; FPG, fasting plasma glucose; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; STDR, sight-threatening diabetic retinopathy; WHR, waist-to-hip ratio.

Discussion {#s4}
==========

The overall age--gender-standardised prevalence of any DR and STDR was 27.9% and 12.6%, respectively in our study. However, the prevalence of any DR and STDR among eight hospitals showed significant differences. Risk factors for DR and STDR previously identified in other studies---longer diabetes duration, higher HbA1c and higher systolic blood pressure---were also identified in our study.[@R4]

The prevalence of DR in our study was similar to that in other studies from Western countries (the Blue Mountains Eye Study in Australia and the Multi-ethnic Study of Atherosclerosis in the USA)[@R14] and other Asian countries (the Singapore Indian Eye Study and the Singapore Malay Eye Study).[@R12] However, the prevalence of DR in China reported by studies published in the last 10 years showed large discrepancies, which ranged from 11.9% to 43.1%. Hu *et al* reported that the prevalence of DR was only 11.9% in a population-based cross-sectional study in Liaoning Province, China.[@R11] However in another investigation in rural China, the population-based Handan Eye Study found a prevalence of DR of 43.1%. That figure was much higher than data reported in other studies from China, including our investigation.[@R17] The discrepancy may be due to different study designs, grading standards and populations sampled. Our findings also highlighted that the prevalence in the Northern region (28.7%) was higher than that in the Southern region (26.9%). Similar results were reported by Liu *et al* in a meta-analysis of DR prevalence in mainland China.[@R18] The risk factors were similar between the Southern region and the Northern region by respectively binary multiple logistic regression analysis. However, the mean duration of DM (8.91 years) in the Northern region is significantly longer than that (7.15 years) in the Southern region (t=15.956, p\<0.05). The discrepancy of the prevalence of DR between the Northern and Southern regions may mainly be caused by the difference in the duration of DM.

The overall prevalence of STDR was relatively high at 12.6% in our study. The high prevalence of STDR was mainly driven by the high prevalence of maculopathy. According to the UK guidelines, maculopathy is defined as having one or more of the following: exudates within one disc diameter (DD) of the centre of the fovea, circinate or groups of exudates within the macula, or any microaneurysms or haemorrhages within one DD of the centre of fovea if visual acuity ≤6/12.[@R8] However, other studies such as the Beijing Eye Study and Singapore Eye Study had different definitions of maculopathy, for example, using the ETDRS guidelines. Moreover, only clinically significant macular oedema rather than macular oedema is included in STDR in these studies. It is therefore difficult to assert that the prevalence of STDR in our study was higher than that in other studies in mainland China, due to different grading systems. Comparing our results to the screening in Hong Kong which also followed the UK guidelines, the prevalence of maculopathy (11.2%) in our study is higher than the findings (8.6%) in Hong Kong. Relatively poor awareness and bad control of DM of participants in the mainland might be the reason. According to Xu *et al*'s report, 7 out of 10 patients with diabetes are not aware of their high blood glucose, only 25.8% receive treatment for diabetes and only 39.7% of those treated have adequate glycaemic control in mainland China.[@R19]

In multivariate analysis, established risk factors for DR such as longer duration of diabetes, higher HbA1c level, hyperglycaemia and higher systolic blood pressure were confirmed in our study, suggesting acceptable validity of our results. Additionally, younger age, faster heart rate, higher LDL, lower triglycerides, higher BUN and higher serum creatinine were associated with DR in this study. The association of serum lipids with DR was obtained in this study, although the Multi-Ethnic Study of Atherosclerosis and the Singapore Indian Eye Study showed no associations of serum lipids with DR.[@R12] These inconsistent findings imply that serum lipids are not strongly associated with DR. Similar to the Singapore Indian Eye Study and the Beijing Eye Study, DR was associated with younger age in our investigation.[@R5] This association requires further exploration. In our study, we found that both BMI and WHR were not associated with DR. This association had been found in other DR investigations.[@R11] Although several previous studies including one study from China reported an association of BMI with DR presence,[@R5] we did not find this association in our study. Our finding implies that both WHR and BMI may not be good at predicting DR risk in China. We also observed that the presence of DR was associated with serum creatinine and heart rate. Moreover, this association was also found for STDR in our study. An association between serum creatinine and DR was reported previously by a national DR screening investigation from South Korea.[@R24] The finding implied that renal function may play a certain role in DR progression. Two previous studies reported an association between DR and heart rate.[@R25] However, the causes of faster heart rate can be physiological and pathological. In our screening, heart rate of each participant was not recorded in the same standard conditions. Thus, the association between heart rate and DR needs further exploration to confirm. Similar risk factors, except for BUN and triglycerides, were found for STDR in this study. The inconsistency in risk factors for DR and STDR implies that there are some other mechanisms for DR progressing to STDR.

The strengths of our study include the very large sample size compared with previous studies in China, the high proportion of gradable fundus pictures, the use of standardised grading protocols and the detailed assessment of risk factors. The limitations of our study should be mentioned. First, the cross-sectional design prevented direct conclusions on risk factors. Second, our maculopathy criteria may have overestimated the true prevalence of DM. The prevalence of DM cannot be directly compared therefore with that in other studies. Third, as a hospital-based study, the patients recruited into our study may not be representative of the overall population with diabetes. Finally, we did not include as variables other possible risk factors, such as family income, education and psychosocial factors.

In summary, our investigations have shown that approximately one-third of patients with DM in our large Chinese sample had DR, and more than 10% had STDR. Similar risk factors for DR and STDR in Western populations with diabetes were found in Chinese patients with diabetes.
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